In tobacco plants, symbiont endophytic fungi are widely distributed in all tissues where they play important roles. It is therefore important to determine the species distribution and characteristics of endophytic fungi in tobacco. Here, two parasitic fungi Leptosphaerulina chartarum and Curvularia trifolii were isolated and identified from normal tobacco tissue. We sequenced the mitogenomes of these two species and analysed their features, gene content, and evolutionary histories. The L.
Introduction
cattle, goats, and deer) due to the liver damage caused by a mycotoxin (sporidesmin) produced by the fungus [11] [12] [13] . Several studies have also described the presence of L. chartarum conidia in indoor air environments where asthma patients reside [14] [15] . C. trifolii, as a high-temperature pathogen that is distributed worldwide, causes leaf spot on Trifolium alexandrinum (Berseem Clover) and leaf blight on Creeping Bentgrass [16] [17] [18] . Moreover, C. trifolii can produce different secondary metabolites during its culture. Among these, some show excellent anti-inflammatory and antitumor activity [19] [20] [21] [22] . Given that there are great similarities in life style between L. chartarum and C. trifolii, they seem to be closely related and likely share similar genetic content and organization.
With the rapid development of new sequencing technologies, the mitogenomes of fungi have improved tremendously in recent years. The hundreds of available fungal mitogenomes in the public databases have provided an efficient resource for their classification, genetics, and analysis of their phylogenetic relationships. However, there are just several sequences published from the Pleosporales even in the class Dothideomycetes to which they belong [23] [24] [25] . Herein, we sequenced the complete mitochondrial genomes of L. chartarum and C. trifolii. Furthermore, we analysed and characterized the evolution and structural organization of L. chartarum and C. trifolii and compared these with other species in Pleosporales. The current results allow for an understanding of the gene content and evolutionary history of species in Pleosporales.
Materials and methods
About 2 μg of genomic DNA from each strain was first fragmented into 500 bp fragments, followed by construction of an Illumina genome sequencing libraries using the NEBNext Ultra II DNA Library Prep Kits (NEB, Beijing, China) according to the manufacturer's instructions. These libraries were then sequenced on an Illumina HiSeq 2500 Platform (Illumina, San Diego, CA, USA). Briefly, raw sequence reads were first quality trimmed and adapter sequences were removed using FastQC software (version 0.11.5) [28] . Subsequently, the SPAdes 3.9.0 software package and MITObim V1.9
were used for the de novo assembly of the mitogenomes and the filling of contig gaps [29, 30] . The complete mitogenomes of C.trifolii and L.chartarum have been deposited to GenBank (accession number of KY792993 and KY986975, respectively).
To annotate these two complete mitogenomes, their protein-coding genes (PCGs) were identified and annotated using NCBI Open Reading Frame Finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.html), and further confirmed with BLASTP searches against the mitogenomes of two closely related species (Bipolaris cookei:
MF784482.1 and Pithomyces chartarum: KY792993.1). Following this, tRNAs were identified using tRNAscan-SE 1.21 Search Server (http://lowelab.ucsc.edu/tRNAscan-SE/) with default settings [31] . rRNA genes were also identified using multi-sequence alignment with the GenBank sequences of B. cookie and P. chartarum mitogenomes using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) searches. The base composition of these two mitogenomes were analysed with DNAStar Lasergene v7.1 (http://www.dnastar.com/). In addition, AT skews and GC skews were determined using (A%-T%)/(A%+T%) and (G%-C%)/(G%+C%) respectively to characterize strand asymmetries in the mitogenomes. CodonW was used to analyse codon usage frequency for amino acids in these two genomes [32] . The graphical maps of these two mitogenomes were constructed using OGDRAW (http://ogdraw.mpimpgolm.mpg.de/cgi-bin/ogdraw.pl) [33].
Phylogenetic analysis
To determine the phylogenetic relationships of C. trifolii and L. chartarum, current available complete, or near-complete, mitochondrial genomes were used for phylogenetic analyses. The class Dothideomycetes includes the orders Botryosphaeriales, Pleosporales, and Capnodiales. Therefore, one species, Mycosphaerella graminicola which belongs to Capnodiales, was selected as an outgroup when the phylogenetic tree was constructed. Construction of the phylogenetic tree was performed using a combined dataset consisting of 12 common protein coding genes (atp6, cob, cox1, cox2, cox3, nad1, nad2, nad3, nad4, nad4L, nad5, and nad6) that are encoded in C. trifolii and L. chartarum and other related mitochondrial genomes.
These genes were initially aligned with MAFFT using default settings and then concatenated head-to-tail to form the final datasets [34] . The nucleotide substitution models of the final datasets were selected using jModelTest [35] . Finally, the phylogenetic tree was constructed using RAxML version 8.1.12 [36] and MrBayes [37] .
For each node of the maximum likelihood (ML) tree, the bootstrap support was calculated using 1000 replicates. For the Bayesian tree, the initial 10% of trees were discarded as burn-in, and four simultaneous chains were run for 10,000,000 generations.
Results and Discussion

Fungal isolation and identification
The strains studied here were identified as C. trifolii and L. chartarum on the basis of their morphologies and sequences of their ITS regions ( Figure S1 ). The BLAST search results for ITS1 and ITS4 showed that their sequences were most similar (99.64% and 99.82%) to the same sequences obtained from the C.trifolii isolate FUNBIO-2 (GenBank Accession No. KC415610.1) and the C .trifolii strain AL9m5_2 18S (GenBank Accession No. KJ188716.1), respectively. Both the ITS1 and ITS4 sequences showed high identity to L. chartarum, especially for ITS4, which reached up to 100% identify with the L. chartarum strain KNU14-16 (GenBank Accession No. KP055597.1). Our results from the phylogenetic tree analysis supported these alignment results. The phylogenomic investigation of ITS1 sequence demonstrated that strain was C. trifolii. In our analysis, the phylogenetic relationships based on ITS1 also showed that the L. chartarum strain had high bootstrap value of 99%.
General features of the newly sequenced mitochondrial genomes
The complete sequence of the L. chartarum mitochondrial genome was mapped to be a 68,926 bp long circular molecule with an average GC content of 28.60%. The C. trifolii mitogenome was also a typical circular DNA molecule 59,100 bp in length with an average GC content of 29.31% (Figure 1 ). In the L. chartarum mitogenome, we identified 36 protein coding genes, 26 tRNA genes, and 2 rRNA genes (rrnL and rrnS), which were located on both strands. Among the protein coding genes, 11 of these having identified functions while the remaining genes are ORFs. In total, we found 12 introns which were located in cox1&2 (7) , nad5 (2), cob (2), and cox3 (1) ( Table 1 ). In the C. trifolii mitogenome, there were 26 protein coding genes, 30 tRNA genes, and 2 rRNA genes (rrnL and rrnS) ( Table 2 ). We also found 22 introns which were distributed in the atp6 (2), nad1 (4), cob (4), cox2 (4), and cox1 (4) genes. 
Gene content and structural comparison
In the L. chartarum and C. trifolii mitochondrial genomes, the whole genomes contained 36 and 26 protein coding genes, respectively. The entire length of the protein coding genes of L. chartarum occupied 38.62% of the whole genome, while that of C.
trifolii occupied 84.02%. The overall G+C content of the protein coding genes was 29.78% in the L. chartarum mitogenome, ranging from 21.21% (ORF109) to 43.17% (ORF270) ( Table 3 ). In the C. trifolii mitogenome, the G+C content of the protein coding genes was 28.12%, ranging from 22.92% (nad6) to 32.23% (cox1) ( Table 4 ). The mitochondrial genome codon usage in L. chartarum and C. trifolii showed a significant bias towards A and T, as is found other fungal species [42, 43] . In the L. chartarum and C. trifolii mitochondrial genomes, Ile, Leu, Lys, and Phe are the most frequently encoded amino acids, and we found that UUU, AUU, AAU, and UAU are the most frequent codons in both of these genomes. Since these frequently used codons are exclusively comprised of A and T (U) (Figure 2 ), this contribute to the high A + T content seen in most fungal mitochondrial genomes such as in Beauveria pseudobassiana and Madurella mycetomatis [44, 45] . This preferred codon usage is strongly reflected at the third position by the high A/T versus G/C frequencies (Table S1) , which is consistent with the rich A+T content in the whole mitogenomes. In total, 26 tRNAs were identified in the L. chartarum mitochondrial genome, which ranged from 70 bp (trnC(gca), trnG(tcc), trnM(cat)) to 84 bp (trnS(tga) and trnY(gta)) in length ( Table 1 ). The results of the secondary structure analysis showed that all tRNAs harboured a typical cloverleaf structure, except for trnY-GTA, trnS-GCT, trnl-TAA, trnS-TGA, and trnL-TAG (Figure 3 ). In addition, we found some tRNAs, such as trnL-TAA and tRNAA-TAG, have the same anticodon. Moreover, we found that there are three copies of tRNAM which are located in different regions of the mitogenome. The C. trifolii mitochondrial genome contained 2,143 bp which encoded tRNA genes, with an A + T content of 90.14%. The individual tRNAs ranged in length from 71 bp (such as trnM(cat), trnM(cat) and trnN(gtt) etc.) to 85 bp (trnY(gta)).
Twenty-nine tRNAs in the C. trifolii mitochondrial genome carried codons for 19 amino acids (Figure 4 ). Among these, we found some of them existed as multiple tRNAs ( Table 2) . For example, 4 tRNA genes were found to encode methionine. There were 2, 2, and 3 different tRNA genes for leucine (trnL-TAA and trnL-TAG), serine (trnS-GCT and trnS-TGA), and lysine (trnL-ACG, trnL-CCT and trnL-TCT), respectively in the C. trifolii mitochondrial genome. Two ribosomal RNA genes were found in the L. chartarum mitochondrial genome, namely rrnL and rrnS, which were 3,694 bp (with an A + T content of 65.52%) and 1,677 bp (with an A + T content of 62.40%) in length, respectively (Table 3 ). In the C. trifolii mitochondrial genome, the rrnL gene was 3,447 bp long, with an A + T content of 62.37% and the rrnS gene was1,629 bp long, with an A + T content of 62.40% ( Table 4 ). All the tRNAs and rRNAs from these two newly sequenced mitochondrial genomes are comparable to those in related species [46, 47] . Figure 5 Mitochondrial gene orders in five species
Phylogenetic relationship
In order to gain additional evidence for the classification of Pleosporales species and to understand the evolutionary history of the mitochondrial genome, the complete concatenated amino acid sequences of the 12 standard mitochondrial genes (atp6, cox1, cox2, cox3, nad1, nad2, nad3, nad4, nad4L, nad5, nad6, and cob) were used for a phylogenetic construction by maximum parsimony (Figure 6 ). The model GTR + I Figure 6 Phylogenetic trees constructed by the ML and BI methods based on 12 common protein coding genes. Species used in this study. Leptosphaerulina chartarum and Curvularia trifolii (in this study); Shiraia bambusicola (NC_026869.1); Didymella pinodes (NC_029396.1); Bipolaris maydis (AIDY01000067 and AIDY01000043));
Leptosphaeria maculans (FP929115); Pyrenophora tritici-repentis (NW002475730);
Phaeosphaeria nodorunm (NC009746); Mycosphaerella graminicola (NC010222).
Conclusions
Fungal endophytes in tobacco are widely distributed in almost all tissues and play a very important role because they have a variety of different biological functions.
Therefore, it is important to determine the species distribution and characteristics of endophytic fungi in tobacco. Using healthy tissues from tobacco as the source, we 
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